Parotid PET PET/CT FDG-PET 18F-FDG Purpose: The purpose was to test whether patient's primary malignancy type and presence of F-18fluorodeoxyglucose (FDG)-avid cervical lymph node(s) are predictors of pathologic outcome of incidental focal FDG-avid parotid lesions. Basic procedures: A retrospective cohort study of pathologically proven incidental cases was performed.
Introduction
Whole-body F-18-fluorodeoxyglucose (FDG) positron emission tomography (PET) imaging is commonly performed for the staging and characterization of many malignancies, with an estimated 1.5 to 1.8 million studies performed annually in the United States [1] [2] [3] . One of the commonly encountered complexities of PET and PET/computed tomography (CT) image interpretation is the occurrence of unexpected focal uptake in an organ other than the primary site of disease or common sites for metastases [4, 5] . Unexpected FDG uptake may potentially be nonmalignant, an unusual metastasis, or a synchronous tumor that may warrant further investigation. The likely pathology of secondary tumors depends greatly upon the site of the FDG uptake [4, [6] [7] [8] [9] . Due to relatively high rates of synchronous malignancies, patients with incidental FDG uptake in the thyroid have been recommended to undergo thyroid biopsy and patients with incidental FDG uptake in the colon have been recommended to undergo colonoscopy [6, 7, [10] [11] [12] .
The clinical significance of focal FDG uptake in the parotid gland identified on whole-body PET imaging is less well established. Although there is variation in the literature, the prevalence of FDG-avid parotid lesions identified on PET is estimated at 0.5%-1%, and the malignancy risk is estimated at 10%-30% [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . Our aim was to evaluate predictors of pathologic outcome of focal parotid FDG uptake identified on whole-body PET imaging which may potentially help guide patient management. Our specific hypotheses were that both the type of primary malignancy and the presence or absence of FDG-avid cervical lymph nodes could serve as predictors of the pathologic outcome of focal parotid FDG uptake.
Methods

Design and study subjects
Following institutional review board approval, we performed a Health Insurance Portability and Accountability Act-compliant retrospective cohort study. We performed a database search of all wholebody PET and PET/CT reports generated from 12/1999 to 12/2014 at our institution for the word "parotid" in the report impression. The medical records of identified cases were reviewed to determine if the following inclusion/exclusion criteria were met: Inclusion criteria were focal FDG-avid lesion within the parotid gland and documented pathologic follow-up for the identified lesion. Exclusion criteria were focal parotid FDG uptake that corresponded to a known parotid malignancy (not "incidental") or diffuse bilateral parotid FDG uptake (considered inflammatory).
PET and 16-MDCT scanner or a Discovery VCT PET/CT scanner (Siemens Medical Solutions) with an integrated PET and 64-MDCT scanner. All FDG-PET examinations were performed on an HR Plus PET scanner (Siemens Medical Solutions). Standard clinical protocol included the following: All patients fasted with hydration for at least 6 h prior to PET/CT examinations. Patients had blood glucose levels b 200 mg/dl prior to intravenous injection of 12.5±2.5 mCi of 18F-FDG followed by a 10-ml normal saline flush. Patients rested for 60±15 min and voided before being positioned supine on the scanner table. CT examinations were performed after the injection of 150 ml of iohexol (Omnipaque 350, GE Healthcare) unless contraindicated due to allergy or renal impairment. CT images were reconstructed as contiguous 5-mm slices for the entire body and, if there was a head and neck indication, as a second set of contiguous 3-mm slices through the head and neck. No oral contrast medium was administered. PET was performed immediately following CT, without patient repositioning. PET images were obtained at 7-10 bed positions per patient, with an acquisition time of 3-4 min per station, from the skull vertex through the mid thigh.
Data collection
The medical records were reviewed to determine the primary malignancy/indication, gender, age, and pathology results from follow-up fine needle aspiration, core needle biopsy, or resection. Whole-body PET studies were re-reviewed by both a radiology trainee with 4 years of experience interpreting whole-body PET imaging and a nuclear medicine/abdominal imaging attending radiologist with 9 years of experience interpreting whole-body PET imaging. PET and, if applicable, CT images were displayed in orthogonal planes, and volumetric regions of interest were used to measure the maximum standardized uptake value (SUVmax) of the focal parotid lesion and of the cervical lymph nodes. CT features were not considered in order to focus on the PET appearance. Parotid lesions were considered focal if uptake was subjectively above parotid background uptake. There was agreement by both reviewers on all cases. Cervical lymph nodes were considered FDG-avid if they had an SUVmax ≥2.5 [24] .
Data analysis
Mean, standard deviation (SD), and range of patient age were calculated. Pathologic outcomes were categorized into three groups for analysis: (a) manifestation of the patient's known primary malignancy (metastasis or lymphoma), (b) synchronous/metachronous primary parotid neoplasm, and (c) nonneoplastic (benign lymphoid tissue/inflammation). The proportion and 95% confidence interval (CI) were calculated for each pathologic outcome category.
The mean focal parotid lesion SUVmax with 95% CI was calculated for each pathologic outcome category. One-way analysis of variance (ANOVA) was performed to test for differences in SUVmax and age between the groups. If ANOVA was overall statistically significant, Tukey-Kramer pairwise post hoc comparisons were performed. Gender was compared with a Fisher's Exact Test.
In order to test the hypothesis that the patient's primary malignancy was a predictor of pathologic outcome of focal parotid FDG uptake, the cases were separated into three categories for analysis based upon the primary malignancy type: (a) Lymphoma (a systemic disease). (a) Head and neck cancer including skin cancer/melanoma (a regional disease). Ocular melanoma (n=1) was not included in this group, as ocular melanoma does not generally metastasize to regional lymph nodes, instead most commonly metastasizing to the liver [25] . (c) All other indications (not expected to have parotid involvement). The one case of ocular melanoma was included in this third group. The proportion and 95% CI were calculated for each category in the resulting contingency table. Nested contingency tables were used to evaluate for pairwise differences. Odds ratios (ORs) and risk ratios (RRs) with 95% CI for representing a manifestation of known malignancy were calculated for the primary malignancy categories of lymphoma and head and neck cancer/melanoma as compared to the "other indication" group.
To test the independent hypothesis that the presence or absence of FDG-avid cervical lymph node(s) was a predictor of pathologic outcome of parotid FDG uptake, the cases were separated for analysis based upon the presence or absence of FDG-avid cervical lymph node(s). The proportion and 95% CI were calculated for each category in the resulting contingency table. The OR and RR with 95% CI for representing a manifestation of known malignancy were calculated for the presence of FDGavid cervical lymph node(s).
To explore the effects and interactions of the multiple variables, multiple-variable logistic regression was performed to predict focal parotid uptake representing a manifestation of the patients' known malignancy. The variables shown to be individually statistically significant between the outcomes were included in this analysis, including primary malignancy type, presence of FDG-avid cervical lymph nodes, and age. Receiver operating characteristic (ROC) analysis was performed for each variable and the combined variable model with calculation and comparison of the area under the curve (AUC) using the ROC comparison function of MedCalc [26] .
Statistical analysis and line art production were performed using MedCalc for Windows, version 14.8.1 (MedCalc Software, Ostend, Belgium) and the R statistical software package (R Foundation for Statistical Computing, Vienna, Austria) [27] . Contingency tables were tested for statistical significance with Fisher's Exact Tests. A Pb.05 was considered statistically significant.
Results
Patient and lesion characteristics
Sixty-eight patients with 73 lesions meeting inclusion and exclusion criteria were identified out of 38,302 whole-body FDG PET studies reported from 12/1999 to 12/2014 at our institution. There were 44 males and 24 females with a mean age of 60.7 years (SD 17.2 years, range 2-90 years). Parotid pathologic results showed that 33/73 were manifestations of the patient's known malignancy (45%) ( Fig. 1 ), 25/73 benign primary parotid tumors (34%) (Fig. 2) , and 15/73 nonneoplastic (21%). There were no malignant primary parotid tumors identified in this series. Detailed pathology results with 95% CIs are presented in Table 1 .
Patient age differed between the outcome groups (one-way ANOVA F=4.43, P=.017), with patients found to have benign primary parotid tumors (mean age 69.2 years, SD 10.9 years) being older (Pb.05) than patients found to have manifestations of their known malignancy (mean age 58.4 years, SD 19.1 years) or nonneoplastic parotid uptake (mean age 55.7, SD 16.8 years). Patient gender was not statistically significantly different between outcome groups (P=.15).
SUVmax is not a statistically significant predictor of pathologic outcome for focal parotid uptake identified on whole-body PET imaging
Mean SUVmax for lesions that were a manifestation of the patient's known malignancy was 8.4 (95% CI 6.6-10.2, range 2.4-33), for lesions that were benign primary parotid tumors was 10.3 (95% CI 5.5-15.1, range 2.9-25), and for lesions that were nonneoplastic was 5.51 (95% CI 3.9-7.1, range 2.1-15). One-way ANOVA showed no statistically significant difference in SUVmax between groups (F=1.82, P=.17). These results are presented as box-plots in Fig. 3 .
Primary malignancy type is a statistically significant predictor of pathologic outcome
For patients with lymphoma, focal parotid FDG uptake pathologic outcome was as follows: 7/13 lymphoma (54%), 4/13 benign primary parotid tumor (31%), and 2/13 nonneoplastic (15%). For patients with head and neck cancer/melanoma, pathologic results were as follows: 23/29 metastasis (79%), 1/29 benign primary parotid tumor (3.4%), and 5/29 nonneoplastic (17%). For patients in the "other malignancy" group, pathologic results were as follows: 3/31 metastasis (9.7%), 20/31 benign primary parotid tumor (65%), and 8/31 nonneoplastic (26%). These results were statistically significant (Pb.001) and are presented with 95% CIs in Table 2 and Fig. 4 . Differences in the rates of pathology follow-up were not statistically significant (P=.28) between the three primary malignancy type groups. Pairwise comparisons of pathologic outcome were as follows: lymphoma compared to head and neck cancer/ melanoma P=.06, lymphoma compared to other malignancy P=.008, and head and neck cancer/melanoma compared to other malignancy Pb.001. These pairwise comparisons are presented in Fig. 4 . The primary malignancy category of lymphoma was associated with an OR of 10.9 and an RR of 5.6 (P=.003), and the category of head and neck cancer/melanoma was associated with an OR of 35.7 and an RR of 8.2 (Pb .001) for focal FDG uptake in the parotid gland representing a manifestation of the patients' known malignancy as compared to being in the "other malignancy" category. These results with 95% CIs are presented in Table 2 .
The presence of FDG-avid cervical lymph node(s) is a statistically significant predictor of pathologic outcome
For patients with FDG-avid cervical lymph node(s), pathologic results of focal parotid FDG uptake were as follows: 18/23 manifestation of known malignancy (78%), 2/23 benign primary parotid tumor (8.7%), and 3/23 nonneoplastic (13%). For patients without FDG-avid cervical lymph node(s), pathologic results were as follows: 15/50 manifestation of known malignancy (30%), 23/50 benign primary parotid tumor (46%), and 12/50 nonneoplastic (24%). These results of pathologic Our study suggests that this result was very likely. outcome by presence or absence of FDG-avid cervical lymph node(s) were statistically significant (Pb.001) and are presented with 95% CIs in Table 2 and Fig. 5 . The presence of FDG-avid cervical lymph node(s) was associated with an OR of 8.4 and an RR of 2.6 (Pb .001) for focal FDG uptake in the parotid gland representing a manifestation of the patients' known malignancy as compared to the absence of FDG-avid cervical lymph node(s). These results with 95% CIs are presented in Table 2 .
Multiple-variable analysis
Multiple-variable logistic regression using the individually statistically significant factors of primary malignancy type, presence of FDGavid cervical lymph node(s), and patient age to predict that focal parotid FDG uptake was a manifestation of the patients' known malignancy was overall statistically significant (Pb.001, intercept of − 2.61). After accounting for the other variables, primary malignancy type remained a statistically significant predictor. Lymphoma (P=.024) was associated with an OR of 7.2 and head and neck cancer/melanoma (Pb .001) was associated with an OR of 24.6 relative to the "other malignancy" group. The presence of FDG-avid cervical lymph node(s) contributed to the model performance but did not quite retain statistical significance after accounting for the other variables (P= .073) and was associated with an OR of 3.6. Patient age was not a statistically significant factor after accounting for the other variables (P= .84) and was associated with an OR of 1.0. ROC analysis demonstrated that the multiplevariable model had an AUC of 0.873 (95% 0.774-0.939) and statistically significantly superior diagnostic performance as compared to primary malignancy type alone (AUC=0.768, 95% CI 0.655-0.859, P= .032), FDG-avid lymph nodes alone (AUC=0.710, 95% CI 0.592-0.811, Pb.001), and patient age alone (AUC=0.622, 95% CI 0.501-0.733, Pb .001). Results are presented in Table 3 and Fig. 6 . Notably, in 13/15 (87%) of the patients with head and neck cancer/melanoma and FDGavid cervical lymph node(s), the pathologic outcome of focal parotid uptake was a metastasis.
Discussion
In our study, we have found that the pathology results of focal FDG were statistically significantly different when independently sorted based upon either the clinical indication for PET imaging or the presence or absence of FDG-avid cervical lymph node(s). Multiple-variable analysis demonstrated that clinical indication was the dominant variable but that both factors contributed to diagnostic performance (combined model AUC=0.873). Our data suggest that focal parotid FDG uptake is very likely to represent a manifestation of the patient's known malignancy in the setting of head and neck cancer/melanoma (OR=24.6), lymphoma (OR=7.2), or FDG-avid cervical lymph node(s) (OR=3.6). It is thus not truly incidental, as it would likely be managed per the patient's primary malignancy. Furthermore, no malignant primary parotid lesions were identified first on PET or PET/CT imaging. The patient's primary malignancy type and the presence or absence of FDG-avid cervical lymph node(s) are factors that affect the likely pathologic outcome of focal parotid FDG uptake and should be taken into consideration when interpreting this imaging finding and when considering the need for biopsy.
Multiple prior studies have evaluated the topic of FDG-avid parotid lesions, predominantly exploring the prevalence, overall malignancy risk, and utility of SUV measurements [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . Overall, our approach was quite different, instead focusing on the role of the potential predictive factors of primary malignancy type and presence or absence of FDGavid cervical lymph nodes. The lack of utility of SUVmax for differentiating between pathologic outcomes of parotid lesions found on PET seems to be due to the fact that many benign primary parotid tumors Pathology results of focal parotid FDG uptake identified on whole-body PET imaging. BMT=benign mixed tumor/pleomorphic adenoma. Fig. 3 . SUVmax results. Box-plot of SUVmax for FDG-avid parotid lesions separated by pathology type. Mean SUVmax for lesions that were a manifestation of the patient's known malignancy was 8.4 (95% CI 6.6-10.2), for lesions that were benign primary parotid tumors was 10.3 (95% CI 5.5-15.1), and for lesions that were nonneoplastic was 5.51 (95% CI 3.9-7.1). Oneway ANOVA showed no statistically significant difference in SUVmax between groups (F=1.82, P=.17).
demonstrate high uptake values in the range of malignancies. A recent meta-analysis reported that the pooled prevalence of focal parotid incidental uptake on PET was 0.6%, that the pooled risk of malignancy was 9.6% overall (range 0%-28%) and 20.4% (range 0%-50%) for lesions that were pathologically proven, and that SUV overlapped for malignant and benign lesions [22] . Our overall rate of malignancy was higher at 45%, which could potentially represent differences in inclusion/exclusion criteria, patient population, and practice patterns. The largest single study evaluating the unexpected finding of focal parotid FDG uptake on PET imaging (by Wang et al.) also has some significant differences as compared to our study [17] . That study consisted of 58 cases (51 with pathology follow-up) of focal FDG uptake in the parotid gland.
Their results included a larger number of primary parotid tumors (74% vs. our 34%) including malignant primary parotid tumors (12% vs. 0%) and lower number of metastasis/lymphoma (5% vs. 45%).
That study was performed in a patient population including healthy patients undergoing whole-body PET/CT for cancer screening, whereas our study was performed at a large cancer center with diagnostic studies in patients with cancer, a factor that may account for some of the differences in findings.
A relatively large proportion (45%) of the cases of focal parotid FDG uptake in our study were found to represent a manifestation of the patients' known malignancy. Our results indicated that focal parotid FDG uptake in head and neck cancer/melanoma (OR=24.6), lymphoma (OR=7.2), or when FDG-avid cervical lymph node(s) were present (OR=3.6) was even more likely to represent a manifestation of the patients' known malignancy. While the presence of FDG-avid lymph nodes did not retain individual statistical significance after the other variables were considered (P=.073), it did contribute overall to the diagnostic model. Statistically superior diagnostic performance as evident by larger AUC on ROC analysis in the combined variable model demonstrates that there is value to considering both lymph node status and primary malignancy type. Without a history of lymphoma or head and neck cancer/melanoma (65%) or FDG-avid cervical lymph node(s) (46%), benign primary parotid tumors were commonly encountered. Overall, Differences in pathology outcome are statistically significantly different based upon the primary malignancy type (Pb.001). Differences in pathology outcome are statistically significantly different based upon the presence or absence of FDG-avid cervical lymph node(s) (Pb.001). ORs and RRs for the primary malignancy categories of lymphoma and head and neck cancer/ melanoma as compared to the "other malignancy" category and for the presence of FDG-avid cervical lymph node(s) are also presented. Ca=Cancer. we encountered no synchronous primary malignant parotid tumors in our study, suggesting that a malignant primary parotid tumor is very unlikely to be the pathologic result of a focal parotid FDG uptake identified on PET imaging. This is dissimilar from focal thyroid FDG uptake where the main consideration driving the recommendation for biopsy is the likelihood of a synchronous primary thyroid malignancy.
Our study contains several limitations to consider, mostly related to the retrospective technique. The retrospective technique allowed us to efficiently study this relatively uncommon condition, with our search spanning 38,302 studies from 12/1999 to 12/2014. This caused a reliance on imaging reports to identity cases, a technique that may have missed cases in which the radiologist did not draw attention to the focal parotid FDG uptake. Also due to the retrospective technique, we had little control over the decision of whether or not to pursue a biopsy in the patients with focal parotid FDG uptake. There may thus be a selection/referral bias regarding the decision to refer for biopsy and preselection that occurred prior to our patients receiving a pathology diagnosis. This bias could potentially have significantly altered our results; however, we did find that the pathology follow-up rate was not statistically significantly different between our three primary malignancy categories. We considered clinical follow-up as a proxy for pathology but found that this added significant uncertainty as to which category a patient belonged in and only added a modest number of cases. The results of our modest retrospective study should thus be interpreted with caution and should hopefully be used as the basis for designing a prospective investigation. These limitations would all be best addressed by a prospective study in which all cases of focal parotid FDG uptake were identified and subsequently biopsied.
Conclusion
When encountering incidental focal parotid FDG uptake on PET imaging, the patient's primary malignancy type and the presence of FDG-avid cervical lymph node(s) are factors that should be taken into consideration. In the setting of head and neck cancer/melanoma, lymphoma, or FDG-avid cervical lymph node(s), focal parotid FDG uptake had higher odds of representing a manifestation of the patient's known malignancy. In the absence of these factors, benign primary parotid tumors were more commonly encountered. No incidental synchronous malignant primary parotid lesions were encountered in this study. After accounting for multiple variables, primary malignancy type remains a statistically significant predictive variable. The presence of FDG-avid cervical lymph node(s) contributed to the overall diagnostic model performance but did not quite retain individual statistical significance after accounting for the other variables. Age was not a statistically significant factor after the other variables had been considered. Fig. 6 . ROC curves. ROC curves for the identification of focal parotid FDG uptake representing a manifestation of known malignancy. The multiple-variable model had an AUC of 0.873 (95% 0.774-0.939) and statistically significantly superior diagnostic performance as compared to primary malignancy type alone (AUC=0.768, 95% CI 0.655-0.859, P=.032), FDG-avid lymph nodes alone (AUC=0.710, 95% CI 0.592-0.811, Pb.001), and patient age alone (AUC=0.622, 95% CI 0.501-0.733, Pb.001).
